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..

YIND-TUINEL INVESTIGATION OF EFT’ECTSOF A PUSHER

PROPELIER ON IJE’T,PROP’IIEDRAG, PRESSURE

DIS!T’RIBUTION, AND

TRANSITION OF A

?3yCarl A.

BOUNDARY-LAYER .

FLAPPldDWIliG

Scndahl

sInwA5iY

Some of tke effects of pusher-propeller operation on
the eerodyna.nlc char:;ctsri.stiesof a flapped wing were
measured in the Langley propeller-research tunnel. The
effects of prapeller operztl.on on the lift and profile
drag of the wing, on pza~svre dlstributlon, and on tl,e
position of bmnda~-lay~r tr%n~ition wgre obtained. The
results indicated that, ‘,tfixed azq:lesof attack and with
fla~s deflected, the ki~ lfft incr3ased appreciably with
lncv~esi.ng thrust so~ffic!ent. Hth flags retracted, no
6pr3reciab16 increase in lift wl.th.“kncrea~es in thrust coef-
f’i~.~.ent‘Vasrn.easur3d0 %ordw+.so pr39sur3 distributions at
several spanwlse stnl?onq ind’lcnted that tk.eeffect of
prOD..ll~r Opertition WLS great9st In tha region h?nediat61y
ahead of the uropaller ~L~d that th.3 ~ffcct extended out-
bo~rd frmn the propeller ‘Ixlsfor about 2.5 pro~ellor radii.
Kaasurem~nts of bomdary- Iayar veloslty cm th? forwnrd part
of the upper surface of the wtng showed no a~:)reciablo
shift of transition in the ran~e of tlxrustcoafricients
Investigated.

As part of e study of the efficiency of a pusher
propeller behind a low-drag wing, some measurefients
relati.~ to the effects of the propeiler Inflow on the
aerodynamic characteristics of the wing were msEe in the
Langley propeller-research tannel. The data, which are
presented herein, show the effects of propeller operation
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on the lift of the wing with flaps retracted and deflected,
on the pressure distribution, on the section profile drag,
and on the position of boundary-layer transition on the
upper surface.

APPARATUS AFD !IZ?STS

The general arrangement of the model used in the
present Ir?vestigetion is shown in fi~ure 1 and the model
configurations, in figure 2. The geometric character-
istics of the model are as follows:

Wing area with fla? retracted, square feet . . . . 77.2 “
Wingspan, feet . . . . . . . . . . . . . . . . .16.0 z
Wing chord with fle? retracted, feet . . . . . . .4.932
Aspect ratio. . . . . . . . . . . . . . . . . . . 3*34
Airfoil section . . . . . . . . ;~ACA63,4-42o (ap?rox. )
Flapchord, feet. . . . . . . . . . . . . . . . . 1.32

Pro~eller diereter, faet . . . . . . . . . . . . . . 4.0

The wing was constructed of weed covered with fiber-
board. For the tests to determine boundary-layer transi-
tion, the wing was carefully sanded and waxed; however,
for the other tests, including the measurements of orofile
drag, the wing was considerably less smooth, aarticularly
at the leading edge.. Full-span landing flaps of single-
slotted, double-slotted, and split types were used with
the wing. The nacelle was falrgd into the wing and no
provisicn was made for alr flow through the nacelle.

The three-blads ~ro~eller with a L-foot dismetsr
was a Hmilton-Stcndard 6101 design of modified pitch
distribution and right-hand rotation. (See fig. 3.) The
proneller was driven by e veriable-speed vsrieble-frequency
induction motor rated at 70 horse~ower at 3000 rpm. The
propeller blades were set ~t 22.50 at the 0.T5-radius
station. The maximum aroneller rotational saeed was
3000 rpm, end the msximum wind-tunnel s~aed was SO miles
p6r hour. Tunnel s?eeds lowar then the mnxirnum were
necessary in develo~ing the highar values of thrust
coefficient of these tests. The range of thrust
coefficients used was extended to values considerable
higher than those of normal flight
the effects of propaller operation
characteristics of the wing.

b

in order to accentuate
on tha aerodynamic
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Lifts were measured over a range of thrust loadings
at flap deflections of O?a 200,-and 40° and at geometric
angles of attac~cof O“, 3 , 6°, and ~“. Pressure distrib-
ution, profile drag, and boundary-layer transition were
measured oniy with tie flap retracted.

The seotion profile-drag coefficient was measured
at three spanwise stations in the vicinity of the propeller.
(See fig. 1.) The limlted spaoebetween the wing and the
propeller necessitated mounting the rake immediately
behind the trailing edge as shown in figure 4. Both
static and total pressure were measured.

The pressure distribution over the wing was measured
with a pressure belt constructed of O.0~0-inch copper
tubes soldorad togethsr as shorn in figure 5. The excess
solder was scraped from the surface of the belt, and en
orifice with a diameter of 0.020 ~nch ~as drilled into
the wall of’each tube at the desired chordwise locations.
The belt was then formed to the wing section and mounted
on tho surface.

Boundary-la~er transition was determined from measure-
ments in the boundary leye~ over the forward 60 percent
of the upper surface of the wing at seven spanwis~ sta-
tions. (See fig. 1.) The total pressure in the boundary
layer wes measurec? with O.0)10-inch st~inles:l steel tubes
flattered to an instfleheight of 0.006 inch. (See fig. 6. )
The geometrtc centers of the tubes were set O.C1l Inch
above the wing surface. The velocity in the baw.dary
layer was calculated by usln~ the total pressure in the
boundary layer anclthe iocal static pressure previously
measured with the prgsnure belt. -

sYh?mLs

c~ total lift coefficient of wing with propeller
.L.

operating
(

Resultant vertical force

q.s )

‘c%
increment of lift coefficient due to.propeller

thrust inclination

(

Vertical component of propeller axial foroe

s)

qos
Te sin a

=
%
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CL net lift coefficient of wing CT
(

- Ac
Xl? %)

cdo eection profile-drag coefficient

(Sectionflrofile dra~—— —
qoc )

Tc

Te

D

v,

u

s

c

P

a

Y

Cl.

P

Po

effective thrust disk-loa~ing coefflc!ent based

()Teon propeller disk area ——
FV02D2

effective thr~st, po’ands

propeller disuieter, feet

free-stream velocity, feet yer secon~

velocity tr.surfsce dlrectlon inside boundg.ry
lsyer, feet per second

wtng area, square feet

wing chordJ feet

mass density of air, slu@per cubic foot

angle of attack, degrees; neasured between thrust
line (caincldent with cho~d line) and relative
wind; corrected for jet boundary

flap deflection, degrees

distance from leading edge of winE parallel to
chord line

lateral digtance from plane of symrretry

local static pressur9 on wing

free-stremn stnt!c pressure
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T ()P -~
average chordwlse ~ressure ratio .—

“q. “ “-

RESULTS AND DISCUSSION

The results of this Investigation are presented in
four sections showing the effeots of propeller operation
on (1) lift, (2) chordwise and spanwise pressure distri-
bute on, (3) boundaq-leyer trensj.tion,and (~) profile
drag. The data are expressed in nondimensional coeffi-
cients end have been ccrrected for jet-bouzndary effects.

In a ~relimtnery comparison, it was folmd that lift
with ~ropeller operatinE at Tc = O would agree with
lift for the propeller removed within eyperirental accu-
racy. The lift coefficients at ‘l’c= O In this report
may therefore be considered es propeller-removed values.

Effect of gropell~r operation on lift.- I,lttwith
gower~lered to hr.ve~component.s: (1) the
lift of’t% wing at Tc = O, (2) the increment of iift
of the wing caused by operation of the propeller,
(~) the vertical comnsaent of propeller axicl forces and
(d) the propeller no+,cal force. The maximum pro?eller
normal forge developed in these tests 1s est?mated to be
within the scatter of cy.perimental points. Component (2),
the increment of lift, Is then obtained by deducting com-
ponents (1) and (3) from.the measured resultant vertical
force. In evaluating component (3), the propeller axial
force was assured to be equal to the effective thrust
and independent of angle of attack at a given value of
advance-dfamoter ratio.

The variation of total lift coefficient CL WIth

thrust disk-loading coefficient Tc is given inTfigure 7
for several angles of attack and several flap deflections.
In correcting the angles of attack for jet-boundary
effects, the total lift coefficient CT at Tc = 1.0

.+
was used. This .sImplificattcm introduc~d inaccuracies
in angle of attack of the order of ~0.3° and corresponding
changes In total lift coefficient of ~0.012, which is
within the scatter of the experimental points. The
vertical component of propeller axial force has been

11 1 11111
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deduoted from the fajr9d curves of
of fhzure 7, and the resultiru?net
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total lift coefficient
lift coefficient is

cross~plotked agajrmt angle o~ attack at three values
of Tc in figure 8. Tn this figure, the angle of attack
has been corrected by using the total lift coefficient
at each value of Tc. The curves of figure 8 indicate
that the slope of the lift curve is approximately
independent of Tc. With flaps retracted, propeller
operation - even at h’lgh thrust coefficients - did not
appreciably affect the wing lift (fig. &(a)). Y!ith
fleps deflected, however, the lift increased with
Increasing ‘TC. The increm9nt of wing lift resulting
from propeller operation is the difference in lift
between the curves for Tc = O and curves for the
propeller operating in figure ~ and Is attributed to
only the proneller inflow. It is ncted that a Eritlsh
investigation (reference 1) shows larger increases in
lift due to propeller operation tkmn were maasured in
the present Investigation.

~ss Hft was cbtained at Tc = O with the double
than with the single slotted i’lap. The difference may
have been caused by incorrect design of the double
slotted flap.

Effect of propeller operation on pressure dlstri-
bJtion.- The ufiordwise pressure distri !Xltlonat seve”i%il
spanw~se stations and several values of Tc Is given in
figure ~. The maxi~um observed decrease in local pres-
sure associated with propeller operation occurred near

~= 0.20,the trailing edge at c the po?.nt of measure-
ment nearest the thrust center line. The pressure decrease
at ~f = 0° was approximately the same over the upper
and lower surfaces, an indication that there was no
appreciable change in lift. This result is in agreement
wtth the results of the force tests given In figure 8(a).

From figure 10, in which the average chordwise pres-
suro ratio is plotted against spanwise station, it may
be noted that the propeller eftect extended outboard to

~ s 1.0, or about 2.~ propeller rad!i from the propeller
c
axis.
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Effect of propeller o~ration on bound-y-layer——
trsnaitlon. -

.-..— -— —
The ratio of the velocity. at a const~~

~h~Oll in.) In the boundary layer to free-stream
velocity u/V. is plotted as a function of the distance
from the leading edge x/c in figure 11 for several
thrust coefficients and test velocities. No appreciable
shift in transition associated with propeller operation
or with Reynolds number was measured. This result is
in agreement with reference 2.

Effect of pro~ller oneratlon on section profile
dra ‘—
-%

.- The sectton p~~effic~ ent was measured
at t ree spanwise stations in the vicinity of the pro-
peller. (See fig. 1.) ‘J’hevariation of section profile-
drag coefficient with thrust disk-loading coefficient is
gfven in figure 12 for three test velocities. The rather
high orofile-drag coefficients measured st Tc = O are
attributed to surface roug-nnessneor the leading edge,
which nresumsbly caused transition to occur much farther
forward than vith the hiChly polished surface on which
the transition measurmmnts of fl~ure 11 were obtulned.
Larger 3.ncreases of section profile-drag coefficient
with increasing th~mst coefficient occurred than cm be
accounted for as Increased skjn frjction due to the
increased velocity In the propeller inflov~. These
Increases in drag coeffjclent are probably due to the
action of the low-oressure region ir.front of the pro-
peller in drawing low-energy boundary-layer air from
other secttons of the wing toward the sections ahecd of
the survey rake.

CONCLUSIONS

The foregoing analysis of measurements made to
determine the effects of pusher-propeller oporation on
some of the aerodynamic characteristics of a low-drag
wing tith flaps indicated that:

1. At fixed angles of att~ck and with flaps deflected,
the lift of the wing increased appreciably with increasing
thrust coefficient.

2. Changes In pressure distribution over the wing
caused by propeller operation were largest immediately
ahead of the propeller and extended outboard to approxi-
mately 2.5 propeller radii from the propeller axis.

~- -—mm-.. .



With flaps retracted, no appreciable change in wing lift
or span load distribution WaEImeasured.

5. No appreciable shift of tr~.~sition with varia-
tion of thrust coefficient was measured.

Lu?gley l;emorial Aeronautical Laboratory
National Adidsory Ccmmittee for Aeronnutlcs

Lmglsy Held, Va.
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(a) Slotted flap retracted. ~

Figure 2,.- Several configurations of model mounted in Langley propeller-
research tunnel. ,,
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(b) Double slotted flap,

Figure 2.- ContinuedO
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[c) Split flap. The portion of the flap shown fitted on the nacelle
was not installed for these tests.

Figure 2.- Conclude!.
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Figure 3.- Plan-form and blade-f orm curves for the modified Hamilton Standard 6101 propeller.
R, radius to tip; D, diameter; b, section chord; h
p, section blade angle.
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Figure 4.- Wake-survey rake installed between wing
. trailing edge and propeller.

Fig. 4
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Figure 5.- Pressure belt installed on wing.
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Fig. ‘7a

Thrust disk -/ooding coefficienfi ~

(0) c$f,o?

~igZ/re ~- Vuriution Of fOfo/ /iff @eff/cienf WI”th fhru.-rf disk-/ood/’flg coefflcj’enj
for s/rig/e s/otted, doub/e s/o fted, a?d sp/it flops.
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Figure 7 .- Continu~~
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Figure 7 .- Cone/uded.
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